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range of frustrations. To begin with, he or she will be using a
specialized language that is imperfectly understood by others
who are less well informed. This and other problems of com-
munication, commonly with responsible people who have dif-
ferent priorities, must be overcome. The graduate also will
soon realize that he or she has become involved in a general
area that often has had an uncertain or poor public image. He
or she is likely to enter an arena in which regulation struggles
with competition and in which there have been few discernible
basic government policies. He or she may well be discouraged
by what appear to be poor perspectives of government agencies
and their representatives, by arbitrary decisions founded on
incomplete data and imperfect analyses, and by evidence that
some decision-makers have not been properly informed on all
matters relating to mineral resources. Frustration may be
prompted by cost-benefit analyses that reflect preoccupation
with some pertinent factors and neglect of others.

Nor will the graduate find public attitudes to be wholly sym-
pathetic, or concerned members of the public to be prepared
for useful dialogue. Even though an estimated $10 billion per
year is being spent in handling scientific and technical infor-
mation (National Science Board, 1977, p. 60), the public re-
mains startlingly uninformed on many important aspects of
mineral resources, their exploration and extraction, and their
use. It is remarkable, for example, that fewer than hah0 of the
people in this country believe that we face an energy shortage,
either at present or in the not-distant future. Similar attitudes
prevail with respect to mineral resources, and it can be ex-
pected that broad public sympathy and support for minerals-
oriented programs will not surface until crisis conditions are at
hand.

Even so, there are some encouraging signs. The general
prestige of people identified with science and technology has
improved during the 1970's, according to recent surveys (Na-
tional Science Board, 1977, pp. 169-182). More than half of
those polled evidently believe that science and technology have
accomplished more good than harm, although there are some
indications of decreasing approval during recent years. Of spe-
cial significance to the extractive industries are major concerns
about the environment. Although science and technology are
viewed as having been effective in combating and controlling
pollution problems, they are held accountable by a large seg-
ment of the public for contributions to environmental damage.
At least one can take comfort from an indication that, in 1976,
42 percent of the public believed that science and technology
had caused few or none of our current problems. It is sobering,
however, to note that an average of less than 30 percent of the
public believe that science and technology will solve most of
our problems, according to surveys made in 1972, 1974, and
1976,

How can problems of mineral resources be addressed and
solved? According to recent recommendations of the National
Academy of Sciences and the National Academy of Engineer-
ing, increased industrial support should be directed to mineral
education, new texts and references should be developed and
adopted for college-level curricula, and additional attention
should be given to the education of foreign students (even
though substantial numbers of such students are currently en-

rolled in mineral-industries curricula). Few will argue with
recommendations that there be improved coordination of fed-
eral mineral policies and that there be improved media cov-
erage, work-study programs, and other efforts to educate mem-
bers of the public and government concerning contributions of
the mineral industries to our society and economy.

Some of these needs can be identified with a philosophical
approach to the problem. There has often been a strong tend-
ency toward tunnel vision on the part of many people, i.e., an
insistence on viewing one part of a complex system without
considering the others, and an even stronger tendency to lay
blame rather than to attack the problem. We seem to be all
too readily inclined toward polarization of views, and often
neglect areas of common concern. The systems with which we
are dealing are much too complicated for casual, out-of-context,
or special-interest approaches, a matter on which some pen-
etrating education is desperately needed.

TECHNICAL TRAINING FOR NONTECHNICAL
CAREERS

In addition to the output of graduates in mineral-resources
fields, there is a widespread need for further education of peo-
ple who will have responsibilities and influence in nontechnical
areas. Little such training can be expected at the high-school
level until much more is accomplished at more advanced levels.

One approach, already taken by several colleges and univer-
sities, is the addition of required technical courses in nontechn-
ical curricula. To judge from numerous sources, these courses
range from exciting and effective to mundane or counterprod-
uctive, depending largely on the attitudes and qualifications of
the professors who teach them. Some of the courses are team
taught, which is expensive but can be highly effective, but
most are handled by individual faculty. Ideally, a professor in
such a course is well informed in several fields, articulate, and
scrupulously fair in presentations of complex issues. He or she
ideally treats problems as parts of the wide-ranging systems to
which they belong and takes pains to avoid polarization on
major issues. Too often, however, the course reflects a partic-
ular professor's biases. If team taught, the course often lacks
cohesiveness and reflects the immediate interests of each in-
dividual professor. Such joint teaching efforts have often failed
to achieve the desired objectives. Fortunately, other efforts of
this kind have been successful.

Another approach that has been effective in at least two
universities is the establishment of an interdisciplinary major
with a designation such as "Society and Technology" or "Values,
Technology, and Society." In such a major, the student is in-
volved in communications among technical and nontechnical
experts; the interplay of science, technology, and public policy;
and the difficult problems of equating human values and de-
mands with advances in science and technology. Such curricula
require skillful professors who communicate well with one an-
other, who have considerable mutual respect, and who are
concerned with maintenance of a well-integrated program.

Perhaps our most immediate need lies in the field of con-
tinuing education, in this instance for influential representa-